Thirteen rice genotypes were grown in the two successive rice seasons 2017 and 2018 to assess the presence of variability for desired traits and estimate genetic parameters and correlations for traits under normal and heat stress conditions. Analysis of variance revealed significant differences due to environments, genotypes and their interaction for all studied characteristics in both seasons. The estimates of genotypic (GCV) and phenotypic (PCV) coefficient of variation were highly significant for all studied traits and generally, the PCV values were higher than GCV values, in both seasons. Leaf rolling and sterility percentage increased under heat stress, while days to heading, plant height, number of tillers and number of panicles / plant, 100-grainweight and grain yield/plant decreased under heat stress in comparison to normal condition. As mean performance Giza 179, Giza 178 and Sakha 101 surpassed other genotypes in grain yield and its important attributes, while WAB56-50/Sakha101-1, WAB56-50/Sakha101-2 and IR65907-206-7-8/Gyehwa71 gave the lowest grain yield in both seasons. Giza178 and WAB56-50/Sakha101-1 recorded the lowest values of geometric mean productivity, stress susceptibility index and yield index which refer to those genotypes highly tolerance to heat stress, while Giza 177 and Sakha 101 gave the highest values to be the most heat susceptible genotypes under study. Highly positive and significant phenotypic correlations were observed between yield index and leaf rolling, sterility percentage, geometric mean productivity and stress susceptibility index, otherwise number of tillers/plant, number of panicles/panicle and panicle weight, as yield attributes had highly significant negative correlation with the yield index. From the results we can conclude that, the genotypes can be scored as heat tolerant, based on days to heading, leaf rolling, tillering productivity and spikelets sterility percentage.
INTRODUCTION
The rising temperatures associated with global warming may have serious direct and indirect consequences on crop production especially in cereals. In the last century, under industrialization, natural environment deterioration and climate change, heat stress has become an increasingly important factor affecting crop growth. Moreover, different global circulation models predict that greenhouse gases will gradually increase world's average ambient temperature. According to a report of the Intergovernmental Panel on Climatic Change (IPCC 2007) , global mean temperature will rise 0.3 o C per decade (Jones et al. 1999) reaching to approximately 1 and 3 0 C above the present value by years 2025 and 2100, respectively, and leading to global warming. Raising temperatures leads to altered geographical distribution and growing season of agricultural crops by allowing the threshold temperature for the start of the season and crop maturity to reach earlier. In addition, climate is expected to be more variable with frequent episodes of stressful temperatures during crop-growing season. As a result, the crop production may be severely affected by an increase in mean global temperature. The yield reduction is a result of heat stress alert in the morphological, physiological, biochemical and molecular changes (Wang et al. 2003) . Morphologically, Heat stress decreases of the duration of developmental phases leading to fewer and smaller organs, lower light perception due to a reduced life cycle (Stone 2001; Wang et al. 2003; Han et al. 2009 and Schwarz, et al. 2010) . Physiological processes are also affected, such as photosynthetic rate, respiration and the partitioning of assimilates to different organs within the plant, where carbon assimilation is one of the major important factors for cereal yields losses (Stone 2001; Wahid et al. 2007) .
Rice is a staple food for more than half the world's population. It is grown worldwide over an area of 159 million hectares with an annual production of 740 million tons. It is cultivated in 114 of the 193 countries of the world (FAOSTAT, 2016) . Abiotic stress such as extreme temperatures frequently limits the growth and productivity of the major crop species including cereals.
As an important cereal crop, rice productivity might decrease globally by about 3.2% per each degreeCelsius increase in global mean temperature (Zhao et al. 2017) . The point of temperature at which the performance of a crop declines is heat stress threshold. As the rice crop is concerned, the optimum temperature is 33°C (Jagadish et al. 2007) . Therefore, the exposure to high temperature over 35°C induce spikelets sterility and unfilled grain formation (Satake and Yoshida, 1978; Ohe et al. 2007; Jagadish et al. 2007) . High temperature affects rice plant growth throughout its ontogeny, though heat-threshold level varies considerably at different developmental stages. For instance, during seed germination, high temperature may slow down or totally inhibit germination, depending on plant species and the intensity of the stress (Yoshida, 1981) . Physiologically, high temperature over 35 °C may adversely affect photosynthesis, respiration, water relations, membrane stability and primary and secondary metabolites Crafts-Brandner and Law 2000; Griffin et al. 2004) . Furthermore, throughout plant ontogeny, enhanced expression of a variety of heat shock proteins, other stress-related proteins, and production of reactive oxygen species (ROS) constitute major plant responses to high temperature (Wahid et al. 2007) . The response to heat stress depends on plant species and genotypes (Rampino et al. 2006) , so very important to identify the tolerant genotypes based on its physiological and morphological performance under heat stress. The phenotypic correlation among some heat morphological traits and their contribution to grain yield trait under heat stress were directly or indirectly expected in rice. The thousand grain weight and spikelet fertility showed positive and significant association with yield per plant under heat stress at the genotypic level. The heritability was found to be highest for number of grains per panicle, days to maturity, plant height and paddy yield while, lowest for number of tillers per plant. Paddy yield had strong genetic correlation with number of grains per panicle, days to maturity and 1000-grain weight (Akhtar et al 2011) . The objectives of the present study were to understand the effect of high temperatures stress on yield and related parameter of rice, to assess genetic variability of rice genotypes, estimate the phenotypic correlation based on agro-morphological traits and applicability of several stress indices under high heat stress condition.
MATERIALS AND METHODS
In the present investigation, thirteen rice genotypes (Table 1) The nursery was sown on 25  th and  15 th of April in 2017 and 2018 seasons, respectively, and transplanted to the field after 30 days in both locations. Individual seedlings of each variety were transplanted to 5 rows 20 cm apart between rows, with the distance of 20 cm between the hills within a row. The experiment was designed using a randomized complete block design with three replications. The average of temperature and humidity degrees in Sakha and Kharga research stations in 2017 and 2018 years were illustrated in Figure 1 . The soil properties in the two locations are shown in Table 2 as well. Phosphorus and potassium were applied in full dose during land preparation in the permanent field and Nitrogen fertilizer was applied in three splits as top dressing. Insects and weeds were controlled periodically using pesticides and herbicides, respectively as required. Analysis of variance was conducted for all the traits using combining analysis according to Steel et al. 1997 .
Heritability in broad sense and genetic advance was estimated for all traits using the formula given by Falconer and Mackey (1996) Genetic advance was computed following Poehlman and Sleper 1995. The phenotypic correlation coefficient estimates were carried out using the formula given by Kown and Torrie 1964) . Grain yield (t/ha) was considered as the resultant variables and others as causal variables. Statistical significance of phenotypic environmental correlation was determined by using t-test as described by Steel et al. 1997 . The genetic analysis and phenotypic correlation and genetic variability were performed on combined data across seasons. The characters measured included days to heading (DTH) (day), leaf rolling(LR), flag leaf angle (FLA) ( o ), plant height (PH) (cm), panicles length(PL) (cm), number of tillers/plant(NT), number of panicles/plant (NP), panicle weight (PW)(g), 100-grain weight (HGW), sterility percentage and grain yield (GY)(g/plant) as well as three stress indices as follow. 
RESULTS AND DISCUSSION
The analysis of variance for studied characteristics is presented in Table 3 . Mean squares due to environments were found to be highly significant for all studied characteristics, indicating that; all environments showed significant effects on all traits under study. Additionally, the mean squares due to genotypes were highly significant for all studied traits. These results may comply with that concluded by Porter and Moot 1998; where they found both plant growth and developments are affected by temperature. Also, the significant differences among rice genotypes in Table 3 indicated the presence of genetic variability in the used material and provide a good opportunity for yield improvement. Mean squares due to genotypes x environments were highly significant for all studied traits, which indicated that the tested genotypes varied from one environment to the other and ranked differently from normal to heat stresses conditions. It could be considered that some genotypes surpassed others if the mean squares of genotypes were highly significant than the interaction mean squares of genotypes with environments and therefore we can identify the most superior varieties (genotypes). Table ( 2) illustrated the soil properties of the two experimental sites in both seasons and showed no significant differences between the two seasons for each location.
Grain yield and other characters exhibited stability across the seasons, since the significance of genotype × environment interaction was detected and the differences among genotypes were identified (Table 3 ). This could show that further improvement through selection for all characters studied may be effective. These findings are in agreement with the results of Gaballah 2016.
Performance across environments:
The mean performances of the studied genotypes over environments, normal and high heat stress under 2017 and 2018 rice growing seasons are presented in Table (4) . High temperature stress reduce plant duration via stimulate rice genotypes to early flowering, reduce the flag leaf angle, decrease plant height and panicle length, reduce number of tillers/plant, and number of panicle/plant and produced the lowest panicle weight and 100-grain weight. Moreover, the grain yield/plant was significantly reduced, whereas the lowest values (19.29 & 19 .42 g/p) under heat stress, in compared to (41.19 & 41.47 g/p) under normal condition, in 2017 and 2018 seasons, respectively. The increment of temperature had significant negative effect on the grain productivity, particularly high night temperatures, where a narrow critical range of 2-3°C has been shown to result in the grain yield reduction in the tropical and suptropical areas (Nagarajan et al. 2010; Peng et al. 2004) . (NS) = Not Significant, (*) = Significant at 0.05 and (**) = Significant at 0.01 level of probability. (NS) = Not Significant, (*) = Significant at 0.05 and (**) = Significant at 0.01 level of probability. However the optimum temperature for the normal development of rice ranges from 27 to 32 °C (Yin et al. 1996) , and high temperature affects almost all the growth stages of rice, i.e. from emergence to ripening and harvesting. The developmental stage at which the plant is exposed to heat stress determines the severity of the possible damage to the crop (Wahid et al. 2007 ). In addition, the most stages of development, which are considered to be susceptible to temperature in rice are flowering (anthesis and fertilization) and to a lesser extent the preceding booting stage (Satak and Yoshida 1978; Farrell et al. 2006) . IRRI 1976 stated that exposure to 41 °C for 4 h at flowering caused irreversible damage and plants became completely sterile. Whereas this high temperature (41 °C) had no effect on spikelet fertility at 1 day before or after flowering .
Regarding days to heading, Sakha 103, Sakha 105 and Sakha 107 headed earlier in comparison to Sakha 101, Giza 178 and Sakha 104 under the two rice seasons, where the earliest variety was Sakha 103; headed after 85.04 days, while Sakha 101 ranked as late flowering variety, it reached 101.88 days to heading (Table. 5 ). The interaction between environments and genotypes in Table (6) showed highly significance for days to heading trait, where the combination of Giza 107 under heat condition was the earliest heading, after 75.74 day, while the largest number of days to heading (110.18 day) was obtained by IR65907-206-7-8/Gyehwa71 under normal condition. In the same trend, Nakagawa et al. 2001 found that a temperature increase of 1 °C shortened the number of days from sowing to heading by 4-5 days for some genotypes. The leaf rolling trait had highly significant differences among genotypes under both conditions and two rice growing seasons, therefore the genotypes; Giza 178, WAB56-50/Sakha101-2 and IR65907-206-7-8/Gyehwa71 exhibited the lowest scores; 2.51, 2.98 and 2.98, respectively of leaf rolling, while Sakha 105, Sakha 106 and Sakha 102 had the highest values; 6.05, 5.57 and 5.58, respectively. These results seem to indicate that heat susceptibility of some genotypes is associated with high score of leaf rolling (Ayeneha et al. 2002) . Data in Table ( 6) showed highly significant interaction effect on leaf rolling, where Sakha 177 with normal condition had the lowest leaf rolling score (2.99), however Sakha177 under high heat temperature had the highest score (7.08). About 4.19 degrees changed in the leaf rolling score, in response to heat stress to indicate that Giza 177 is more susceptible to heat stress, when compared to IR65907-206-7-8/Gyehwa71, which in more stable genotype, regarding to leaf rolling. With regard to flag leaf angle, which is important functional factor for photosynthesis, assimilation and transpiration along the experimental plant life, recorded the greatest values with significant differences by the varieties. The genotypes; Giza179, IR65907-206-7-8/Gyehwa71 and Giza 178 resulted the narrowest angle, on the other hand the most wide flag leaf angle was observed in genotypes Sakha 101, WAB56-50/Sakha101 and Sakha 102 as shown in Table ( Guan et al. 2010 and Gaballah 2016 , where rice genotypes response was assessed by plant height reduction after stress conditions. Concerning panicle length, Giza 178, Sakha102 and WAB56-50/Sakha101-2 gave the highest mean values, while the lowest values were obtained from Sakha107, IR65907-206-7-8/Gyehwa71 and Giza 177. The combination of genotype; WAB56-50/Sakha101-2 with normal condition gave the highest value (24.90 cm), otherwise Sakha 103 under high heat stress produced the lowest value (13.06 cm) of panicle length. Additionally, the number of tillers/plant showed highly significance differences among genotypes, whereas the genotypes Sakha 107, Giza 178 and WAB 56-50/Sakha101 had the highest mean values. In contrast, the lowest mean values were obtained by Giza 177, Sakha 105 and Sakha 103 in both seasons (Table 5 ). Regarding to the interaction effect between genotypes and environment, the highest mean value of number of tillers was obtained from Sakha102 with normal condition in Sakha location, but the lowest value was gained from Sakha 103 under high heat stress condition in Kharga location (Table 6) . With respect to number of panicles/plant, the highest mean values were obtained from Sakha 107, Giza 178 and WAB 56-50/ Sakha101-1, whereas the lowest mean values conformed with Sakha 105, Giza 177 and Sakha 103 in both seasons as shown in Table 5 . The interaction between Sakha 107 under normal condition had the maximum values of number of panicle/plant 20.17 while the minimum values were obtained from rice genotype Sakha 103 (7.07) under high heat stress condition (Table  6 ). The decrement of panicle length and tillering capacity under heat stress generally and for some genotypes particularly, may be due almost 50% slower in the net photosynthetic rate, of some genotypes at heat stress than normal condition (Andrew et al. 2016 ).
In Table 5 , the panicle weight trait illustrated highly significant differences among genotypes, since rice genotypes; WAB56-50/Sakha101-2, Giza 178 and IR65907-206-7-8/Gyehwa71 gave the heaviest panicle, the lightest panicle was obtained from genotypes; Sakha 106, Sakha 102 and Sakha 105. The combination of Giza178 under normal condition produced the heaviest panicle (4.88 g), otherwise Sakha 106 under heat stress gave lightest value 0.55 g (Table 6 ). Concerning 100-Grain weight, the highest mean values were found in Sakha101, Sakha 104 and WAB 56-50/Sakha101-1, while Sakha 103, WAB56-50/Sakha101-2 and Giza 178 gave the lightest mean values, as shown in Table (5) . The interaction effect in Table ( 6) illustrated that WAB 56-50/Sakha101-2 had the heaviest 100-grain weight (3.25 g) under normal condition; however the lowest mean value (1.76 g) was obtained by Sakha 103 under heat stress (Table 6 ). For sterility percentage, the highest mean values were found in Sakha 103, Sakha 102 Sakha 105, but the lowest values were obtained by IR65907-206-7-8/Gyehwa71, Giza 178 and WAB56-50/Sakha101-2, as shown in Table (5) . These data are in agreement with those obtained by Satak and Yoshida 1978; Matsui et al. 2001; Nakagawa et al. 2002; Prasad et al. 2006 , where they found genotypic variation in spikelet sterility at high temperature, that can be defined by different varietal temperature thresholds. The interaction between rice cultivar Sakha 107 and normal condition recorded lowest mean value (4.49%), while Sakha 103 under heat stress recorded the highest percentage of sterility (74.12 %) ( Table 6 ). Data in Table ( 5) illustrated the grain yield/plant was significantly affected by rice genotypes, where Giza179, Giza 178 and Sakha 101 achieved the highest mean values, but the lowest values of grain yield per plant were obtained from WAB56-50/Sakha101-1, IR65907-206-7-8/Gyehwa71 and WAB56-50/Sakha101-2 in both seasons. Giza 179 performed very well with normal condition, giving the maximum grain yield; 51.72 g per plant, whereas the lowest mean values (10.91g/p) was observed in Giza 177 under heat stress condition, as shown in Table ( 6) . In general, exposure to heat stress causes grain yield reduction (Prasad et al. 2006) , however the plants respond based on the genotype (Rampino et al. 2006) and daily maximum temperature (Nakagawa et al. 2002) . Hence the heat threshold is changing from genotype to another based on the thermotolerance ability of each genotype.
Regarding the geometric mean productivity (GM), there were highly significant differences between rice genotypes in both seasons, the genotype show highly ranking tolerance were Giza 178, WAB56-50/Sakha101-1 and Sakha 107, while the sensitive genotypes were Giza 177, Sakha103 and Sakha104 for high heat stress in the both seasons. According to stress susceptibility index (SSI), Giza 178, WAB56-50/Sakha101-1, Sakha 107 and Sakha 104 ranked to high stress tolerance, while sensitive genotypes were Sakha 101 and Sakha 106 in the two seasons. The yield index (YI) showed highly significance as affected by genotypes, where Giza 178, WAB56-50/Sakha101-1, WAB56-50/Sakha101-2 and Sakha 107 were specified as highly tolerant for heat stress in both seasons, nevertheless Shaka101, Sakha106 and Sakha105 seemed the most sensitive varieties for high heat stress in both seasons. These results are in harmony with the previous findings concerning growth traits and yield and its attributes, All showed more stability under stress in comparison to normal condition. That also complies with Prasanth et al. 2012; Khan and Dhurve 2016 . 
Genetic variability
Genotypic variance (GV), phenotypic variance (PV), genotypic coefficient of variability (GCV), phenotypic coefficient of variability (PCV), broad-sense heritability (H 2 ) and genetic advance (GA) for 13 characters are presented in Table (7) . To determine the variation in yield components responsible for differences in yield among various genotypes, it must be borne in mind that overall variability depends on heritable and nonheritable components. While coefficients of variation measure the magnitude of variability present in a population, estimates of heritability and genetic advances are important as preliminary steps in any breeding program as they provide information needed in designing the most effective breeding program and the relative practicability of selection. The results revealed considerable phenotypic and genotypic variances among the genotypes for the traits under consideration. In all traits a large portion of the phenotypic variance was accounted by the genetic component and the contributions of genetic variance to phenotypic variance. Generally, the PCV values were higher than GCV values for all studied traits, which reflect the influence of environment on the expression of these traits. Plant height was the most trait affected by the environment than the genotype variation, where the estimated PCV was 9.15 in compared with 8.90 for GCV. The estimates of GCV were high for all studied traits ranging between 21.09 -95.54 % characters except days to heading, plant height and panicles length, the three traits were recorded moderate GCV estimates, in range 8.90 -19.99 %. These findings seem to comply with Andrew et al. 2016 , who stated that, different rice genotypes showed different levels of tolerance to high day temperatures, consistent with the climatic characteristics of their natural ranges.
Higher heritability estimates for days to heading, Flag leaf angle, sterility percentage and grain yield/plant combined with high genetic advance, indicating the presence of additive genes. The expected genetic advance values for 13 characters of the genotypes evaluated is presented in Table (7) . These values are also expressed as percentage of the genotypes mean for each character so that comparison could be made among various characters, which had different units of measurement. High heritability along with high genetic advance is an important factor for predicting the resultant effect for selecting the best individuals. The genotypic coefficient of variation revealed the extent of genetic variability present in the genotypes for various traits it does not provide full scope to assess the variation that is heritable. Heritable variation is useful for permanent genetic improvement (Singh 2000) . The most important function of the heritability in the genetic study of quantitative characters is its predictive role to indicate the reliability of the phenotypic value as a guide to breeding value. (Singh and Narayanan 1993) . Thus the heritability estimates will be reliable if accompanied by high genetic advance.
Phenotypic correlations among characters:
Data in Table 8 revealed the phenotypic correlation coefficients among grain yield and phenological and physiological characters related to heat tolerance. The phenotypic correlation is the correlation of line means for different traits, or for the same trait in different environments. The phenotypic correlations estimated for agronomic traits are presented in Table (8) . Days to heading showed highly significant positive correlation with plant height, tillers No. and panicle weight, and negative correlation with leaf rolling, sterility %, geometric mean and yield index. Leaf rolling exhibited highly significant positive phenotypic correlation with leaf angle, sterility %, geometric mean and yield index while had negative phenotypic correlation with tillers No., panicle No. and panicle weight in both seasons. Being a leaf rolling as a canopy cooling mechanism and reducing water losses through transpiration, is significantly correlated negatively with most of yield components and positively correlated with sterility % in a high score 0.83**, that reflects its importance as one of the earlier criterion to predict grain yield. These results seem to indicate that heat susceptibility of the rice is highly correlated with high score of leaf rolling (O`toole and Moya 1978) . Leaf angle showed highly significant positive phenotypic correlation with leaf rolling and sterility %, and negative significant correlated with panicle No., panicle weight and grain yield. The morphological trait, i.e. leaf angle ranked second after yield components in their positive associations with grain yield. The degree of the phenotypic correlations and its utilization in the selection had been stated by Gaballah 2009 . The negative phenotypic correlations were found to be highly significant with panicle length and geometric mean in both seasons.
Data in Table 8 showed that the tillers No. had significant positive correlation with panicle No. and panicle weight, while correlated negatively with sterility %, geometric mean and yield index. Moreover, the panicles No., which is the main component of grain yield, gave the highest positive and significant phenotypic correlation (0.87**) with tillers No., that might refer to the importance of tillering capacity in implying that improving this character could result in high grain yield, as tillers have the potential to develop ear bearing tillers. Significant positive phenotypic correlation was found between panicle No. and panicle weight, but negative significant correlation was shown between panicle No. and sterility % and yield index. Panicle weight had highly significant negative correlation with 100-grain weight, sterility %, stress susceptibility index and yield index, but 100-grain weight was highly significantly correlated positively with stress susceptibility index. These findings agree with Ramchander et al. 2014 . Highly positive and significant phenotypic correlations existed between yield index and leaf rolling, Sterility %, geometric mean and stress susceptibility index, that proved to be the most useful indices for the evaluation of genotypic performance under heat stress and they were highly correlated (Table 8) , as expected, due to their united direction against heat stress. In other words, all these traits were negatively affected by heat stress. In contrast, the most important traits (tillers No., panicle No. and panicle weight), as yield components had negatively correlation with yield index. That also might reflect how importance of these indices to express genotypes response under stress codition. The results regarding this investigation is supported by those revealed by Chang and Loresto 1984, both suggested that, the genotypes can be scored as stress tolerant, based on days to heading, leaf rolling and drying and spikelets sterility percentage. 
